Abstract
Introduction

37
As one of the most heavily polluted regions in the world, China has suffered from 38 air pollution for decades (Hao et al., 2007; Zhang et al., 2015) . Aerosol particles, as 39 major air pollutant, have significant effects on human health (Lelieveld et al., 2015) .
40
The general public and the central government of China have realized the severe 41 situation and have taken some actions to improve the air quality nationwide in the recent 42 years. For example, the state council published a plan for air pollution control, in haze formation mechanism (Kulmala, 2015) and comprehensive observation network 46 (Kulmala, 2018) . Our understanding on haze events with high PM2.5 concentrations in 47 China is still limited due to the spatial-temporal variation of aerosol properties and 48 limited observation information (Wang et al., 2016) . Recent studies found that 49 secondary aerosol components are important during the intense haze events in Beijing, 50 Xi'an, Chengdu and Guangzhou during January of 2013, and the reduction of aerosol 51 precursors is a key step to reduce particle pollution (Guo et Here, a comprehensive data sets were used to reveal that an increasing trend of 67 inorganic components in atmospheric aerosol may be a pivotal factor, at least, which towers, to which the distance from the meteorological monitoring stations are known.
80
We quantified the importance of relative humidity to visibility as the hygroscopic 81 inorganic compounds typically grow in size in high humidity (Swietlicki et al., 2008) .
82
Aerosol size growth and composition change in high humidity condition are highly 83 related light scattering ability (Zhang et al., 2015) . Studies always use f (RH), a 84 parameter which is defined as the ratio of light scattering coefficient under high RH 85 with that under low RH. f (RH) is a unitless number, usually ranges from one to two.
86
At ambient RH around 80%, a higher f (RH) value usually corespondes to higher 87 inorganic aerosol fraction, while a lower value usually corespondes to high organic 88 fraction. The reason is that inorganic aerosol compounds of nitrate,sulfate and 89 ammonium have more strong water uptake ability than organic comopounds. In 90 addition, the high humidity condition in ambient prefers the formation of inroganici 91 aerosol from precusors of NO2 and SO2 (Wang et al., 2014) . In this study, for a given = .
99
We use this ratio to infer long trend of aerosol hygroscopicity information. In 
157
The ratio showed increasing trends over three regions of China and the maximum trends 
Enhanced emissions of inorganic aerosol precursors
171
The longterm trends of aerosol precursors and their spatial variability can improve 
202
(2014) show that concurrently the fraction of inorganic fraction has increased more rapidly.
203
Consequently, the water uptake of the aerosol have increased leading to reduced visibility as 204 we suggested, which is consistent with ground-based observations (Yang et al., 2011) . inorganics increased from 11.3% to 17.3%, from 13.0% to 19.9% and from 9.6% to 217 13.6%, respectively. At the same time, the mass concentration and fraction of organic 218 components changed from12.2 μg m −3 to 33.4 μg m −3 and 60% to 46%, respectively.
219
We also investigated the relationship between relative humidity (RH) and volume 220 fractions of ammonium sulfate, ammonium nitrate and organic aerosols as shown in Figure 6 . 221
The results indicated that ammonium nitrate increased most significantly with elevated RH. On 222 the contrary, ammonium sulfate, as another inorganic compound, showed only a moderate 223 positive correlation with RH and a decrease in the volume fraction was observed in RH values 224 larger than 75%. This might be associated with liquid phase oxidation of SO2 under high RH 225 condition, to sulfate aerosol. Increasing RH may provide more atmospheric oxidants and 226 reaction media for the aqueous-phase oxidation (Zhang et al., 2015) . The volume fraction of 227 organic aerosol showed negative correlation with increasing RH, as presented in Figure 6 (c), 228 which was maybe due to a faster increasing volume fraction of inorganic aerosol than organic 229
aerosol. 230
This direct observation shows that the contribution of inorganic components increased 
